Comatose acute stroke patients are at high risk of malnutrition, especially hypoproteinemia. However, when to start and how to provide nutrition to these patients are unclear. The purpose of this study was to determine the optimum timing and methods of nutritional supplementation to comatose acute stroke patients.
Introduction
In patients with acute stroke, malnutrition causes high incidences of respiratory and urinary tract infections, a high mortality rate, worse outcomes, and long duration of hospitalization 1 4 . Poor nutritional conditions, particularly hypoalbuminemia, lead to unfavorable functional recovery 5 8 , but intensive nutritional supplementation has recently been reported to improve rehabilitation outcomes 9, 10 . However, the nutritional status of patients with acute stroke may steadily deteriorate during hospitalization regardless of adequate nutritional support 11, 12 , and half of the patients admitted to inpatient rehabilitation stroke centers are reportedly undernourished 13 . Therefore, nutritional management for patients with acute stroke Fig. 1 Consort flow chart of the study Total number of the nominated patients was 273; among them, 69 were exclueded because of recovery of eating function or deterioration to brain death within three days. The patients were categorized into 5 groups (from A to E) in hospitalization order. Neither missing follow-up nor discontinued intervention cases existed in any groups.
should be implemented at the time of admission. To achieve early recovery from hypoproteinemia, the present study focused on determining: (1) when nutritional intervention should be started in patients unable to swallow and (2) which type of intervention should be employed: total parenteral nutrition (TPN) or enteral nutrition (EN).
Materials and Methods
This prospective study was performed at Teikyo Univer- A total of 273 patients with acute stroke were enrolled.
The patients fulfilled the following criteria: (1) older than 40 years, (2) consciousness level less than 12 (E3V4M5) on the Glasgow Coma Scale, and (3) unable to eat or drink for at least 4 days. However, patients were excluded for the following criteria: (1) emergency operation under general anesthesia, (2) existing hypoproteinemia (<6.0 g! dL total protein or <3.0 g! dL albumin) on admission because of complications, (3) aspiration pneumonia on admission, and (4) death within three days.
Peripheral Venous Transfusion in Acute Period
The day of admission was defined as day 0. Until day 3 the patients received intravenous low-calorie solutions of 500 to 700 kcal! day in a total volume of 1,500 to 2,400 mL including glycerol (127 kcal! 200 mL). The blood glucose level was maintained at less than 150 mg! dL using rapid-acting insulin. Serum concentrations of protein and albumin were measured on days 0, 2, 3, and 4. (Fig. 1) On day 4, nutritional support was begun. The patients were assigned to a group (from A to E) in order of hospitalization; first to A, second to B, and third to C. (Fig. 1) .
TPN and EN Nutrition Groups
The total serum concentrations of protein and albumin were evaluated on days 10, 14, and 21. The total number 
Definition and Management of Diarrhea
Diarrhea is generally defined according to 3 characteristics: fecal frequency, consistency, and quantity 15 . On the basis of the consistency, diarrhea was considered as follows: (1) mild diarrhea: paste feces; (2) moderate diarrhea: loose feces; and (3) severe diarrhea: watery feces.
The EN was stopped and TPN was restarted when more than 200 g of severe diarrhea occurred or when more than 200 g of moderate diarrhea continued for more than 2 days.
Statistical Analysis
Statistical analysis was performed with computer pro- 
Results

Patients
Of the 273 patients, 171 had ischemic disease and 102 had hemorrhagic disease ( Table 1 ). In the male-to-female ratios for ischemic and hemorrhagic strokes, the number On day 2, the concentrations of total protein and albumin were reduced by less than 0.5 g/dL.
The reduction became greater on day 3, and total protein decreased further by 1.5 g/dL and albumin by 1.2 g/dL on day 4, leading to high risk of malnutrition. The reductions of both total protein and albumin concentrations were significant between days 2 and 3, and between days 3 and 4.
(B) Relationship of age to the reduction in serum total protein and albumin concentrations. The reduction in total protein and albumin concentrations in acute stroke patients during administration period of peripheral low-calorie solutions did not differ significantly between patients who were 70 years or older and those who were younger than 70 years. of male patients was bigger but was not statisitically significant (P>0.05). The mean age of patients with ischema was slightly greater than that of patients with hemorrhage, but the difference was not significant (P>0.05).
Decreases in the Concentrations of Total Serum Proteins and Albumin, and the Relationship to Age
Decreases in the concentrations of total serum proteins and albumin were not significant on day 2, but both concentrations decreased rapidly on day 3 (reduction of total protein was 1.2 g! dL and that of albumin was 0.9 g! dL)
and decreased further on day 4 (reduction of total protein reached 1.5 g! dL and that of albumin reached 1.2 g! dL) ( Fig. 2A) . Reductions in both total serum protein and albumin concentrations were significant (P<0.05) between both days 2 and 3 and between days 3 and 4. Approximately 80% of the reduction of the total serum protein concentration was a result of a loss of serum albumin.
Age was not a risk factor for protein-energy reduction because no significant differences between the 2 age groups were identified in the reduction of total serum protein and albumin concentrations (Fig. 2B) . However, the absolute values of total serum protein and albumin levels on admission were lower in patients 70 years or older ( Table 2 ) and suggested that such were more prone to hypoproteinemia and hypoalbuminemia.
Recovery from Hypoproteinemia and Hypoalbuminemia in Each Group
The number of patients, the male-to-female ratios, and the mean age with standard deviations for each patient group are shown in Table 3 . The mean ages did not differ significantly among the 7 groups.
Day 10
Total protein: The most rapid recovery from hypoproteinemia was identified in Group D (TPN plus feeding of 20% glucose with a nasogastric tube), but statistical differences were not identified among Groups A, B, C, and 
In the EN group, diarrhea further reduced total protein compared with day 4 (E-d(+)).
Albumin: Group D had the earliest serum albumin recovery than did all other groups (P<0.05) (Fig. 3B) .
Among Groups A, B, C, and E-d(−) there were no significant differences in serum albumin recovery, and hypoalbuminemia definitely worsened with diarrhea (E-d(+)).
Day 14
Total protein: Group D had the earliest total serum protein recovery compared with any other group (P<0.05) (Fig. 3A) . Groups A, B, and C showed significantly better recovery than Group E-d(−) (P<0.05). Group E-d(+) exhibited gradual recovery in total serum protein concentration after the change to TPN with the same degree of recovery as Group B (TPN only).
Albumin: Group D displayed the highest serum albumin level on days 10, 14, and 21 of all groups (P<0.05) (Fig. 3B) . Among Groups A, B, C-d(−), and E-d(−), there were no statistically significant differences in albumin concentration. Group E-d(+) showed the poorest serum albumin recovery even after switching to TPN from EN.
Day 21
Total protein: Serum total protein concentrations were significantly higher in the EN Groups (Groups A, C, D, and E-d(−)) than in the TPN Group (Group B) on day 21
(P<0.05) (Fig. 3A) . Group D demonstrated the highest total serum protein recovery of any group (P<0.01), although the level of serum total protein did not reach the admission level. When diarrhea was induced by EN, the serum total protein decreased rapidly in Group C-d(+).
Albumin: The concentration of serum albumin was markedly lower in groups that had continued TPN from day 14 to day 21 (Group B and E-d(+)) than in the EN groups (Groups A, C, D, and E-d(−)) (P<0.01) (Fig. 3B) . Clinical outcomes did not differ significantly among the nutrition groups, and most of patients transferred to a special nursing home where active rehabilitation is not performed.
Group
Discussion
Clinicians must reduce the risk of hypoproteinemia in comatose acute stroke patients considering their increased energy demands in the recovery period 8, 16 . In the present study, about 80% of the decrease of the total serum protein concentration was due to a loss of albumin (Fig. 1), and nutrition is considered the single most important factor in the regulation of albumin synthesis 17, 18 . Albumin is important for its antioxidant effects, maintenance of normal microvascular permeability by binding to the endothelial glycocalyx, antiedema effects, and neuroprotection 7 . In patients with hypoalbuminemia due to stroke the risk of infectious complications is greater than in patients with normal albumin concentrations 2, 3 . The serum albumin concentration is reportedly related to nutritional risk as follows: >3.5 g! dL, no risk; 3.0 to 3.5 g! dL, low risk, if 2.5 to 3.0 g! dL, moderate risk; and <2.5 g! dL, high risk 16 . In the present study, more than 50% of patients receiving only peripheral low-calorie supplementation were at a moderate nutritional risk by day 3, and more than 50% of these patients were at a high nutritional risk by day 4. If the nutritional intake of a patient who has had an acute stroke is inadequate for a prolonged period of time the risk of malnutrition is reportedly increased 8, 19 . However, a "prolonged period" has not been defined. 21 23 , although the definition of "longterm" has not been clarified.
However, those results do not lead to a conclusion that an early start of EN supplementation is nutritionally more beneficial than TPN for patients with a severe acute stroke. The present study suggests that for comatose acute stroke patients the early start of EN is not more nutritionally beneficial than early TPN administration.
From days 4 to 14, the concentrations of both serum total protein and albumin recovered more rapidly in TPN groups rather than EN groups (Fig. 3) . Hypercatabolism is common in patients who have had a severe stroke 24, 25 , and aggressive nutritional support does not prevent substantial total protein loss during this hypercatabolic state 26 . Under these conditions, a simple glucose solution is more acceptable than EN, because active administration of amino acids and protein may adversely affect nitrogen balance and increase the concentration of blood urea nitrogen 25 . Another disadvantage of an early start of EN administration in comatose acute stroke patients was the high incidence of diarrhea. Even with adequate EN supplementation, diarrhea can occur. Diarrhea causes hypovolemia, which may cause ischemia to increase or recur in stoke patients. In addition, EN malabsorption resulting from diarrhea also leads to severe hypoproteinemia and hypoalbuminemia. Immobilization in patients receiving EN decreases both bowel peristalsis and the absorption of nutrition and may also lead to diarrhea.
However, bowel movements seem to be largely influenced by autonomic nervous conditions, and the present study found no significant difference in nutritional conditions among the 7 nutritional groups in terms of consciousness levels.
Another important result of the present study was to clarify that TPN should not be provided for longer than 10 days. Between days 14 and 21, EN (Groups A, C-d(−), D, and E-d(−)) contributed to a greater rise in the serum concentrations of total protein and albumin than did TPN (Group B and C-d(+)) (Fig. 3) . In particular, the concentration of serum albumin in the TPN groups did not recover well during the study period.
The early start of EN has been thought to improve the functional outcome after stroke 27 , but the Feed Or Ordinary Diet trial found no significant differences in outcome between an early and late start of EN 5, 28 . As the present study has found, an early start of TPN plus tube feeding of 20% glucose is more nutritionally beneficial than an early start of EN in patients after an acute stroke.
